ABSTRACT. Longitudinal changes in selenium (Se) and protein concentrations and glutathione peroxidase (GSHPx) activity of milk collected from healthy mothers of term (n = 12), preterm (n = lo), and very preterm (n = 12) infants were assessed. All infants were size appropriate for gestational age. Milk samples representative of colostrum (d 3), transitional (d\7), and mature milk (d 21 and 42) were assayed. The content of Se in the colostrum secreted by mothers of preterm infants was significantly greater than the Se content of milk secreted by the same mothers at d 21 and 42 of lactation. Mothers of term and very preterm infants, however, produced colostrum with significantly higher levels of Se than milk produced at d 7 ( p < 0.05), d 21 ( p < 0.01), or d 42 ( p c 0.001). Significant differences between the protein concentrations measured in early lactation and in late lactation were evident in all maternal groups. Protein content did not differ significantly among groups at anytime during lactation. An age-related difference was detected in milk GSH-Px activities of mature milk (d 21). Mature milk produced by mothers of very preterm infants on d 21 of lactation contained significantly greater enzyme activity ( p < 0.05) than milk produced by mothers of term infants at the same stage of lactation. Activity of GSH-Px in milk from mothers of very preterm and preterm infants paralleled previously noted changes in long-chain polyunsaturated fatty acid content in human milk with the progression of lactation. Although the function of GSH-Px in milk is unknown, results from this study suggest a possible role in the protection of milk lipids from oxidative damage. (Pediatr Res 27:32-35, 1990) 
differences between the protein concentrations measured in early lactation and in late lactation were evident in all maternal groups. Protein content did not differ significantly among groups at anytime during lactation. An age-related difference was detected in milk GSH-Px activities of mature milk (d 21). Mature milk produced by mothers of very preterm infants on d 21 of lactation contained significantly greater enzyme activity ( p < 0.05) than milk produced by mothers of term infants at the same stage of lactation. Activity of GSH-Px in milk from mothers of very preterm and preterm infants paralleled previously noted changes in long-chain polyunsaturated fatty acid content in human milk with the progression of lactation. Although the function of GSH-Px in milk is unknown, results from this study suggest a possible role in the protection of milk lipids from oxidative damage. (Pediatr Res 27: [32] [33] [34] [35] 1990) The nutritional essentiality of Se was first recognized by Schwartz and Foltz (I) . Further research identified se as an integral part of the enzyme, GSH-Px (2) , which functions to protect cells from oxidative damage by hydrogen or lipid peroxides. Although the role of Se has been studied in various human and animal populations (3) (4) (5) (6) (7) (8) , its importance in infant nutrition is largely unexplored.
During the first months of life, the infant survives on milk as the principal source of nutrition. Nutrient requirements for term infants are often based on the composition of human milk and the average volume of milk consumed within a 24-h period (8) .
Recommendations for nutrient intakes of PT infants are established on the perspective of human milk as the ideal food source (9, 10) . However, research of the nutritional requirements of preterm infants has indicated significant differences in the composition of PT and T human milk over the course of lactation (9) (10) (11) (12) (13) (14) .
Although the presence of both Se and GSH-Px in human milk from mothers of term infants has been identified and quantified at various stages of lactation (1 5-1 8), little is known regarding the presence of these species in milk from mothers of PT infants. Thus, the objective of this study was to determine profiles of the content of Se and activity of GSH-Px in milk of preterm infants and to compare values with those obtained from mothers delivering T infants. In addition, we sought to determine whether compositional changes of Se or GSH-Px in milk from Illothers of PT infants were influenced by varying lengths of gestation and lactation.
MATERIALS AND METHODS

Abbreviations
Milk samples were collected from 34 healthy mothers delivering infants of size appropriate for gestational age. Subjects were Se, selenium divided into three experimental groups based on the duration of GSH-Px, glutathione peroxidase gestation. VPT (n = 12) were defined as gestational age of 26-T, term 30 wk, PT (n = 10) as 31-37 wk, and T (n = 12) as 38-40 wk.
PT, preterm
Gestational age of the infant was assessed based on maternal VPT, very preterm report and confirmation by prenatal and postnatal examination LCP, long-chain polyunsaturated fatty acids (19, 20) . The use of human subjects in this study was reviewed and approved by the Institutional Review Boards of Georgetown University and the University of Illinois. All samples were collected in the Washington, DC area, stored GSH-Px activity was measured using a modification of the coupled assay of Paglia and Valentine (22) . Upon thawing at room temperature, samples were centrifuged (10 000 x g), defatted via vacuum suction, and held on ice until assayed. The reaction mixture contained 50 mM potassium phosphate buffer, pH 7.0,l mM EDTA, 1 mM NaN3,0.2 mM NADPH, 1 U/mL glutathione, 0.1 mM H202, and 0.1-0.2 mL unknown sample in a total volume of 1 mL. One unit of GSH-Px activity is defined as 1 pmol NADPH oxidized per min at 25°C. Blanks were prepared from heat denatured samples. Total protein concentration was determined spectrophotometrically at 562 nm using the Pierce BCA colorimetric assay. Bovine serum albumin served as the reference standard for this assay.
Repeated measures analysis of variance statistics, least significant difference test, and correlational statistics (23) were used in data evaluation. The level of probability defining statistical significance was 5%.
RESULTS
Mean values of milk Se are provided in Table 1 . Although Se values of milk samples varied greatly between individual subjects, milk Se was greatest in colostrum of all groups. Levels of Se remained relatively stable in milk from the VPT and PT groups after d 3 of lactation. Results of correlational analyses showed that the rate of change in milk Se with time was greater for the T group (r = -0.61) than for the PT group (r = -0.38) or for the VPT group ( r = -0.33). In both VPT and T groups, significant effects between day of lactation and milk Se content were noted. Milk from mothers of VPT infants contained significantly more Se in colostrum than in mature milk (d 21, p < 0.05).
Additionally, the Se content of colostrum secreted by the mothers of T infants differed significantly from all other time points in lactation (d 7, p < 0.05; d 21, p < 0.01; d 42, p < 0.001). No differences were noted in Se values among groups on any collection date.
Changes in protein concentration of human milk samples are summarized in Table 2 . Significant differences in protein con- centration with the progression of lactation were noted for all groups.
The values for GSH-Px in the milk produced by the three groups of women are shown in Table 3 . Activity of GSH-Px remained relatively stable throughout lactation in milk secreted by mothers of T infants, whereas enzyme activities measured in the VPT and PT samples appeared to stabilize after d 3 of lactation. Despite the apparent differences between GSH-Px activity measured in the colostrum and in the transitional milk produced by mothers of VPT and PT infants, no effect of the day of lactation was significant in VPT, PT, or T groups. Agerelated effects, however, were noted in mature milk (d 21). Mature milk produced on d 21 by mothers of VPT infants possessed significantly more activity of GSH-Px ( p < 0.05) than the milk produced by mothers of T infants. DISCUSSION The results of this study show parallel compositional changes in the Se content of milk from mothers of VPT, PT, and T infants throughout the first 6 wk of lactation. The requirement of Se by the VPT and PT population is unknown and the clinical implications of Se supplementation in the VPT and PT infant remain to be demonstrated. Yet, despite decreased nutrient stores and increased nutrient requirements imposed by catch-up growth and/or existing illness commonly associated with premature birth, premature infants often receive total parenteral nutrition devoid of Se or formula containing only 25% of the Se (17) provided by the same volume of milk from mothers of VPT and PT infants reported in this study.
The activity of GSH-Px throughout lactation in milk from mothers of VPT and PT infants has not been previously reported. Changes in GSH-Px activity from colostrum to transitional milk of mothers of VPT and PT infants were different than the pattern of stable activity of milk GSH-Px apparent in milk of mothers of T infants. Differences in enzyme activities among VPT, PT, ELLIS and T groups at d 2 1 of lactation may perhaps be physiologically explained by maturation of the mammary gland. Although the activity of GSH-Px in milk produced by mothers of VPT infants at d 7 appears elevated as compared with the enzyme activity found in milk of the PT and T groups by d 21, these apparent differences persist and become statistically significant.
The presence of GSH-Px in milk of many species [i.e. human, cow, goat (24) , and rat (25)J suggests a functional significance of the enzyme to events occurring in the mammary gland, and/or to the postpartum development of the neonate. In other tissues GSH-Px functions to protect lipids from oxidative damage (26) . High levels of LCP are associated with the membrane of the human milk fat globule. Comparison of these data with profiles of lipid expressed in human milk suggests a possible association between the activity of GSH-Px and the long-chain polyunsaturated lipid content of human milk. A positive correlation between the concentration of milk LCP and the degree of prematurity of the infant has been reported (14) . A similar trend was noted in the GSH-Px activity profiles of VPT, PT, and T groups reported in this study. The activity of GSH-Px at all stages of lactation was greatest in milk from mothers of PT and VPT infants and lowest in milk from mothers of T infants. Although lipid composition data are not available for the milk samples of this study, the lipid profiles reported by Bitman et al. (14) are derived from a similar population in the Washington, DC area using identical sample collection methods and processing techniques.
The elevation in milk GSH-Px activity at a similar time in which the concentration of LCP is highest in VPT and PT milk suggests that the enzyme may have an associated or complementary role with fatty acids in milk secretion and/or the nutrition of the infant. Thus, the pattern of milk GSH-Px activity may be a direct result of the quantity or type of lipid present in human milk at specific points of lactation. In further support of this association, vegetarian women who delivered term infants secreted milk with a greater content of linoleic acid and activity of GSH-Px than did nonvegetarian women (27) . A major component of the bovine milk fat globule membrane is the enzyme, xanthine oxidase, which is believed to function in milk fat secretion by peroxidizing membrane-associated lipids, thus affecting the fluidity of the milk fat globule (28) . The human milk fat globule membrane has a very low level of xanthine oxidase but is very fluid due to the characteristically high LCP content. It is possible that GSH-Px may play an antioxidant role in protection of the structure of the human milk fat globule membrane.
The implications of this study are 2-fold. First, although levels of Se are very similar between milk secreted by mothers of VPT, PT, and T infants throughout lactation, the discrepancy between the levels of Se provided by current nutrition approaches and that provided by human milk is substantial. VPT and PT infants fed parenterally receive no Se supplementation, whereas pediatric enteral formulas contain only one-fourth of the Se per unit volume as compared to human milk.
Evidence of Se deficiency in the preterm population has recently been reported (29) . Baseline levels of plasma Se and GSHPx activity were significantly lower in low birth wt infants than in full-term infants. Furthermore, marked declines in the levels of plasma Se accompanied by a reduction in plasma GSH-Px activity were observed in low birth wt infants maintained on parenteral formula. Changes in plasma Se levels of healthy, fullterm infants fed either human milk or commercial formula have been examined (17, 30) . Plasma Se values in infants fed human milk are significantly higher than those fed commercial formula and in some formula-fed infants low plasma Se values are associated with reduced plasma activity of GSH-Px. Although the clinical significance of these findings is unknown, it is apparent that gestational length and method of feeding directly impact on infant Se status.
An association between low levels of blood Se and exacerbations of bronchopulmonary dysplasia has been proposed in an infant supported on prolonged parenteral nutrition (3 1). The late gestational maturation of the antioxidant enzyme system is a normal aspect of fetal lung development in experimental animals (32) (33) (34) (35) . Animal data show that increases in antioxidant enzyme response of the neonate parallel increases in levels of environmental oxygen (33) . GSH-Px is an integral component of the antioxidant defense of lung tissue. Although measurable amounts of the non-Se-dependent forms of the peroxidase enzyme exist in other tissues, lung tissue contains principally the Se-dependent form of GSH-Px (36) . Failure to provide adequate levels of Se during early life may stunt the maturation of the antioxidant enzyme system and may ultimately contribute to prolonged complications associated with bronchopulmonary dysplasia. GSH-Px activity is present in the milk of mothers of VPT and PT infants. Comparison of enzyme profiles reported in this study with data on LCP in human milk reported elsewhere point to a possible physiologic role of the enzyme in human milk. Further studies are needed to examine this association.
